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IMPACT OF TILLAGE, CROP ROTATION, AND CHEMICAL MANAGEMENT 
PRACTICES ON GROUNDWATER QUALITY 
Rameshwar S. Kanwar 
Professor of Agricultural Engineering 
Iowa State University 
Introduction 
Contamination of groundwater by nitrate and pesticides has been documented by various 
state and federal agencies in the United States. Groundwater pollution is of increasing concern 
in the United States because about 50 percent of the drinking water comes from groundwater. A 
recent study suggested that water pollution is the most damaging and widespread environmental 
effect of agricultural production. Recent research conducted in Iowa and surrounding states has 
indicated the incidence of groundwater contamination by pesticides and nitrogen fertilizers (Baker 
and Johnson, 1981; Everts and Kanwar, 1990; Gast et al., 1978; Hallet al., 1989; Hallberg, 1989; 
Kanwar et al., 1985a, 1986, 1988, 1991). Elevated nitrate levels in groundwater because of 
agricultural activities also have been documented (Kanwar and Baker, 1991). 
Agricultural land areas have varying degrees of potential for groundwater pollution, 
depending on the types of soil, geology, climate, and, more importantly, agricultural management 
practices. The use of conservation tillage and different crop rotations for agriculture production 
may help develop Best Management Practices for reducing groundwater pollution problems. 
Conservation tillage (particularly a no-tillage practice) is an effective way to conserve energy and 
soil. Conservation tillage reduces surface water contamination by pesticides because erosion is 
reduced significantly. However, a concern is that conservation tillage may increase the risk of 
groundwater pollution because such tillage systems have been found to increase groundwater 
recharge (Kanwar, 1985b ). 
Although groundwater contamination has been documented, the mechanisms of 
contamination often are unknown. Research is needed to determine the extent of chemical 
leaching to groundwater as a function of agricultural production systems. Therefore, several 
field-scale studies are being conducted at Iowa State University to investigate the effects of tillage 
and chemical management practices on groundwater quality. This paper will summarize the 
results of these studies. 
Materials and Methods 
One of the experimental sites for this study is at Iowa State University's Northeast Research 
Center at Nashua, Iowa. This study site is on a predominantly Kenyon silty-clay loam soil with 
3 to 4 percent organic matter. Long-term tillage studies were initiated at this site in fall 1976 to 
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compare moldboard plowing, chisel plow-disk, ridge tillage, and no-tillage systems. Crop 
rotations and tillage subplots were replicated three times in a split-plot experimental design. 
Crop rotations are continuous corn and corn-soybean. Herbicide, insecticide, and fertility 
treatments have been the same since 1976. Continuous corn received 200 Kg-Niha, and the 
corn-soybean rotation received 168 Kg-Niha. No nitrogen was applied in the year soybeans were 
planted in the soybean-corn rotation. The continuous corn treatment has received Lasso + 
atrazine at 2.2 Kg + 2.8 Kglha and Counter for rootworm control. Corn in the corn-soybean 
rotation has received Lasso + Bladex at 2.2 Kg + 2.8 Kglha and no insecticide. Soybean plots 
received Lasso + metribuzin at 2.2 Kg + 0.45 Kglha . More details on this experiment are given 
by Kanwar et al. (1991). 
Tile drainage was installed at the Nashua site in 1979 in each of the 36, 0.4-ha plots. Each 
0.4-ha plot has one tile line passing through the middle of the plot, and a tile line is at each of 
the two borders. The middle tile lines of all the plots were intercepted and connected to 
individual sumps in December 1988 for measuring subsurface drainage (tile flow) and collecting 
water samples for chemical analyses. To monitor tile flow continuously, each tile sump has a 110 
volt effluent pump, water flow meter, and an orifice tube to collect water samples for water 
quality analysis. For water quality sampling, an orifice tube was designed to deliver about 0.2 
percent of the tile water into a sampling bottle each time effluent is pumped from the sump. This 
way, we will not miss any drainage water from sampling, and an accurate count on the loss of 
chemicals with drainage water can be obtained. Drainage water samples were analyzed for 
alachlor, atrazine, cyanazine, metribuzin, and nitrate. Pesticide and N03-N analyses were 
conducted either at the National Soil Tilth Laboratory or at the Iowa Hygienics Laboratory in 
Iowa City. 
The second field experiment was begun in 1984 at Iowa State University's Agronomy and 
Agricultural Engineering Research Center near Boone, Iowa, in cooperation with Dr. J.L. Baker, 
professor of agricultural engineering (Kanwar and Baker, 1991). The experimental site has less 
than 2 percent slope and has ten established subsurface drains. Six of these subsurface drains, 
each draining about 0.4 ha, were intercepted earlier as a part of this study to investigate the 
interactions between tillage and N-fertilizer application. Two more subsurface drains were 
intercepted in 1988 for measuring subsurface discharge and collecting drain water samples for 
nitrate analysis. Subsurface drain flow rates were monitored by installing a float-activated 
continuous water stage recorder and a calibrated V -notch on each of the intercepted subsurface 
drains. 
These eight plots were cropped to continuous corn using no-till and conventional tillage 
practices. Two replications of two tillage systems (no- till and conventional tillage) and two 
N-fertilizer management practices (a single application of 175 Kglha and three applications of 
N-fertilizer totaling 125 Kglha) were applied. For split N applications, the first application of 25 
Kglha was made at the time of planting, a second application of 50 Kglha was made in June, and 
the last application of 50 Kglha was made in July. Also, each year, three to five rows (15 m 
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long) were harvested from each plot for yield measurements. Corn yields were corrected to a 
uniform moisture content of 15.5 percent for yield analysis. 
Results and Discussion 
Table 1 gives the monthly average measured subsurface drain outflows for the 1990 growing 
season (April-November) as a function of tillage and crop rotation. For the previous two years 
(1988 and 1989), the rainfall was well below normal, and tile lines did not flow regularly; 1990 
was a wet year with a rainfall of more than 100 em (annual normal precipitation at the 
experimental site is around 73 em). Data given in Table 1 indicate that tillage and crop rotations 
do affect the volume ofthe tile outflow. With continuous corn, average subsurface drain flow 
from the no-tillage plots was significantly larger than from the other three tillage plots, and 
conventionally tilled plots resulted in the lowest tile outflow. Under corn-soybean or 
soybean-corn rotation subsurface drain outflows were different for different tillages, but these 
differences were not large. 
Average monthly N03-N concentrations in subsurface drainage water as a function of tillage 
and crop rotation are given in Table 2. The data in Table 2 indicate that N03-N concentrations 
in the subsurface water tend to decrease as the growing season is ending under all tillage systems 
and for all three crop rotations. But N03-N concentrations are significantly higher under 
continuous corn in comparison with the other two crop rotations for all tillages. The average 
N03-N concentrations in drainage samples from conventional tillage plots (under continuous 
corn) ranged from 58.4 to 106.5 mg!L whereas similar concentrations from no-tillage plots ranged 
from 25.4 to 51.0 mg!L. This indicates that the tillage system used did affect the N03-N 
concentrations in the subsurface drainage water. Also, for 1990, event by event, the 
concentrations of N03-N in tile water under conventional tillage were greater than under 
no-tillage. Also, a N03-N concentration of 10 mg!L (a drinking-water standard in the U.S.) in 
tile flow was exceeded by almost 100 percent of the events for all three tillage systems and three 
crop rotations. 
Table 2 also gives the monthly average N03-N losses to the shallow groundwater (with 
subsurface drainage water) as a function of tillage and crop rotation. The average N03-N losses 
with drainage water ranged from 39.3 to 107.2 kglha. N03-N losses were two to three times 
greater under continuous corn in comparison with the corn-soybean or soybean-corn rotation. 
Also, N03-N losses of 107.2 Kglha with drainage water were observed from no-tillage plots under 
continuous corn, which is equal to little more than 50 percent of the applied nitrogen fertilizer for 
that year. This shows that the compounding effects of higher N application rates under 
continuous corn had an effect on both leaching and increased N03-N losses to shallow 
groundwater. 
Pesticide concentrations in subsurface drainage water are given in Table 3. Before herbicide 
application, atrazine was detected in some of the tile water samples. After the application of 
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herbicides and subsequent rainfall, atrazine, alachlor, cyanazine, and metribuzin were detected in 
many of the tile water samples. The first heavy rainfall after the application of herbicides seems 
to have a significant effect on herbicide leaching to shallow groundwater. On May 21 , 1990, a 
heavy rainfall contributed higher concentrations of alachlor, metribuzin, and atrazine to the 
drainage water. In fact, most tile water samples on May 21 had atrazine and alachlor 
concentrations greater than the health advisory levels (3 ppb for atrazine and 0.4 ppb for 
alachlor). The rapid appearance of alachlor, atrazine, and metribuzin in the tile water after 
heavy rainfall immediately after chemical application shows the contribution of preferential 
movement of herbicides through macropores. Atrazine concentrations of as high as 19.9 ppb and 
alachlor concentrations of 6.4 ppb were observed in tile water on May 21, 1990. 
Table 4 gives the average corn yields for the seven years of the study period (1984-1990) as a 
function of tillage and two levels of N-fertilizer application (single application of 175 Kglha and 
three split applications totaling 125 Kglha). These yield data show that, on the basis of five years 
of crop data, corn yields were neither affected by tillage (except for 1987) nor by the fertilizer 
management scheme used in this experiment. In fact, similar yields were obtained for seven years 
under split N-application (at a lower application rate of 125 Kglha) and a single application (at a 
higher rate of 175 Kglha) of N fertilizer for no-till conditions. But only three years of yield 
comparison (for 1988 to 1990) is available for split N-application treatment under conventional 
tillage conditions (which shows very similar yields in comparison to a single N application under 
conventional tillage). However, the question remains whether timing and amount of N 
application under conventional tillage is a factor. 
However, the data on N03-N concentrations in drainage water for the previous four years 
show a definite trend. Figure 1 shows N03-N concentrations for the 1986 tile flow data. This 
figure shows that N03-N concentrations in drainage water under no-till conditions with three 
split applications of N at a lesser total rate of 125 Kglha were considerably lower in comparison 
with a single, higher rate application of 175 Kglha. In 1986, the third year of the study, overall 
averages of N03-N concentrations in drainage water under split and single applications were 11.4 
and 14.7 mg/L, respectively, lower than the N03-N concentrations in drainage water of 1984. 
The results of 1987 were consistent with coefficients of variations ranging from 12 percent to 
20 percent for these treatments (Figure 2). The overall averages of N03-N concentrations in 
drainage water under split and single applications were 8 and 11.5 mg/L, respectively, which were 
significantly lower than the N03-N concentrations in drainage water of 1986. Because of severe 
drought in 1988 and 1989, only a few drainage water samples could be collected in 1988 and 1989 
as most of the tile lines did not flow. The results of 1990 were even more consistent with the 
results of 1986 and 1987, although N03-N concentrations in drainage water were much higher in 
1990 for all treatments (Figure 3). 
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Summary 
Concentrations of Nitrate (N03-N) in subsurface drainage water showed high variability in 
relation to tillage and crop rotation treatment. The average monthly N03-N concentrations in 
subsurface drainage water from conventional tillage plots were always greater than 56 mg/L 
under continuous corn and were greater than the similar concentration under other tillage 
systems. The greater drain flow from the no-tillage plots under continuous corn resulted in larger 
N03-N losses of 107.2 Kg!ha in comparison with N03-N lost from the three other tillage systems. 
The rapid appearance of atrazine, alachlor, and metribuzin in subsurface drainage water in 
fairly large concentrations immediately after rainfall shows the preferential movement of 
chemicals through macropores to shallow groundwater. 
The study on nitrogen management practices shows that split N applications at a lower rate 
of 125 Kg!ha produced as much crop yield as a single application at a higher rate of 175 Kg!ha. 
If this fmding can be applied across the entire state of Iowa, then it can be concluded that 
farmers can afford to apply less N fertilizer without reducing crop yields and allowing less 
leaching of N to groundwater. This management practice would save, on the average, 45 Kg!ha 
of N fertilizer per hectare, i.e., about 29 percent of the total N-fertilizer used in Iowa. This will 
result in savings of about $86 million on N fertilizer, which is equivalent to about 4.3 million 
barrels of crude oil (at $20 per barrel). 
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Table 1. Average monthly subsurface drain flows as a function of 
tillage and crop rotation for 1990 
Month Rainfall 
(em) 
Subsurface drain flows, em 
Chisel Plow Conv. till Ridge-till 
CORN-SOYBEANS ROTATION: 
April 
May 
June 
July 
August 
September 
October 
November 
Total 
10.2 
10.9 
17.5 
34.0 
19.5 
5.3 
5.4 
2.0 
104.8 
SOYBEANS-CORN ROTATION: 
April 
May 
June 
July 
August 
September 
October 
November 
Total 
10.2 
10.9 
17.5 
34.0 
19.5 
5.3 
5.4 
2.0 
104.8 
CONTINUOUS CORN: 
April 
May 
June 
July 
August 
September 
October 
November 
Total 
10.2 
10.9 
17.5 
34.0 
19.5 
5.3 
5.4 
2.0 
104.8 
0.04 
2.93 
3.47 
6.20 
4.08 
0.96 
1.35 
0.32 
19.34 
0.01 
1.11 
3.40 
5.21 
4.03 
1.33 
0.55 
0.02 
15.66 
0.01 
2.26 
4.07 
5.27 
4.81 
1.25 
0.57 
0.05 
18.30 
0.04 
1.00 
2.83 
3.69 
3.87 
1.13 
1.50 
0.49 
14.55 
0.02 
1.42 
1.92 
3.25 
2.71 
0.74 
0.56 
0.05 
10.67 
0.00 
0.35 
1.27 
2.89 
3.28 
0.75 
0.43 
0.02 
8.98 
131 
0.08 
1.84 
2.87 
3.92 
3.29 
1.07 
1.06 
0.13 
14.27 
0.06 
1.46 
3.49 
3.41 
3.81 
0.98 
0.65 
0.00 
13.85 
0.02 
2.01 
4.81 
4.65 
5.91 
1.35 
0.36 
0.02 
19.13 
No-till 
0.03 
2.30 
3.68 
4.49 
4.51 
0.64 
0.18 
0.00 
15.83 
0.04 
1.26 
4.30 
5.59 
4.17 
1.01 
0.55 
0.01 
16.93 
0.17 
4.59 
6.31 
6.30 
6.98 
2.10 
0.91 
0.09 
27.45 
,_. 
w 
N 
Table 2. Average monthly nitrate-nitrogen (NO~-N) loss (Kg/ha) and 
concentrations (mg/L) in subsurface drainage water as a 
function of tillage and crop rotation for 1990 
NOJ-N concentration, mg/L 
Month 
CP CT 
CORN-SOYBEANS ROTATION: 
April o.oo 0.00 
May 39.01 41.08 
June 33.26 35.69 
July 
August 
September 
october 
November 
Total 
27.14 
19.23 
17.22 
18.15 
19.94 
30.50 
18.73 
15.72 
16.73 
19.18 
SOYBEANS-CORN ROTATION: 
April 0.00 0.00 
May 
June 
July 
August 
September 
October 
November 
Total 
49.82 52.08 
41.87 
33.04 
24.06 
23.11 
24.68 
22.50 
47.10 
40.03 
29.29 
28.90 
30.00 
2.00 
CONTINUOUS CORN 
April 0.00 0.00 
May 81.36 106.53 
June 60.86 84.00 
RT NT 
o.oo 0.00 
33.52 38.01 
28.90 31.25 
22.61 
13.31 
11.33 
11.70 
12.31 
21.00 
13.28 
9.69 
10.94 
2.80 
o.oo o.oo 
38.65 58.12 
28.77 
28.75 
15.53 
14.55 
17.05 
1. 91 
0.00 
68.70 
48.84 
12.73 
20.49 
12.89 
11.98 
13.96 
16.00 
0.00 
50.99 
45.37 
July 
August 
September 
October 
November 
Total 
52.60 62.76 47.84 43.36 
42.89 56.66 31.90 28.48 
43.69 58.39 28.92 25.57 
46.49 58.59 28.61 25.38 
51.00 65.00 22.50 31.44 
NO!-N loss, Kg/ha 
CP 
0.00 
11.43 
11.53 
CT 
0.00 
4.12 
10.11 
16.83 11.25 
7.84 7.24 
1.65 1.78 
2.45 2.51 
0.63 0.94 
52.36 37.95 
0.00 
5.54 
14.23 
17.21 
9.69 
3.07 
1.37 
0.05 
51.16 
0.00 
18.42 
24.75 
0.00 
7.40 
9.06 
12.99 
7.94 
2.13 
1.68 
0.01 
41.21 
0.00 
3.72 
10.64 
RT 
0.00 
6.18 
8.30 
8.85 
4.38 
1.21 
1.24 
0.16 
30.33 
0.00 
5.64 
10.03 
9.81 
5.91 
1.42 
1.11 
o.oo 
33.93 
0.00 
13.84 
23.49 
NT 
0.00 
8.72 
11.50 
9.43 
5.99 
0.62 
0.20 
0.00 
36.47 
0.00 
7.35 
5.47 
11.45 
5.38 
1.21 
0.77 
0.02 
31.63 
0.00 
23.41 
28.61 
27.73 18.13 22.26 27.31 
20.65 18.57 18.85 19.88 
5.48 4.38 3.89 5.38 
2.65 2.49 1.03 2.31 
0.25 0.13 0.05 0.28 
99.93 58.06 83.41 107.19 
CP=Chisel Plow; CT=Conventional-Till; RT=Ridge-Till; NT=No-Till 
Table 3. Average herbicide concentration in subsurface drainage water as a function of 
tillage, crop rotation, and day of the year for 1990 
------------------Herbicide concentration, ppb---------------
Corn-Soybean Soybean-Corn Corn-Corn 
Date CP CT RT NT Date CP CT RT NT Date CP CT RT NT 
Cyanazine: Alachlor: Atrazine: 
06/13 2.4 2.2 5.8 4.3 05/07 - - nda 0.3 05/03 1.1 - 3.3 1.2 
06/17 1.0 0.9 1.6 2.0 05/21 nda 0.3 0.3 0.3 05/07 - - 1.4 1.9 
07/27 0.4 0.5 0.8 0.5 05/31 nda 0.5 nda 0.3 g05/21 7.7 7.8 9.0 10.5 
08/24 nda nda 0.1 nda 06/08 0.2 0.2 0.2 0.2 05/31 4.9 3.4 6.3 7.4 
08/31-11/09 nda nda nda nda 06/13 2.1 4.5 4.4 1.8 06/08 2.7 0.8 4.7 2.6 
Alachlor: 06/15 0.9 7.2 1.5 1.0 06/13 6.6 4.3 10.8 9.1 
05/03 nda 0.3 nda - g06/17 0.5 0.3 1.8 0.8 06/15 4.5 4.2 6.9 8.3 
05/07 nda 0.1 0.4 - g06/22 0.4 nda 0.5 0.5 g06/17 5.3 3.6 8.1 9.8 
05/21 0.6 2.0 2.5 1.6 06/22 0.3 0.3 0.8 0.3 g06/22 4.5 4.0 2.9 11.1 
....... 05/31 0.3 1.0 1.5 0.9 06/29 0.5 nda 0.3 nda 06/22 4.6 4.1 8.8 8.6 
w 
w 06/08 0.3 0.4 0.8 0.4 Metribuzin: 06/29 4.5 2.8 7.7 7.9 
06/13 0.7 1.1 0.9 0.5 06/08 nda nda nda nda Alachlor: 
06/17 0.4 0.5 0.4 0.3 06/13 3.7 4.0 5.5 3.5 05/03 0.2 - nda 0.2 
07/27 nda nda nda nda 06/15 1.6 ' 4.9 3.0 2.6 05/07 - - 0.3 0.4 
08/24 nda nda 0.1 nda g06/17 0.8 0.4 3.5 2.0 05/21 1.9 2.7 1.0 1.0 
08/31-10/19 nda nda nda nda g06/22 0.7 nda 1.2 1.1 05/31 0.6 2.0 0.7 nda 
10/26 nda 0.2 nda nda 06/22 0.6 1.3 1.6 0.9 06/08 0.3 0.4 0.3 0.2 
11/02-11/09 nda nda nda nda 06/29 0.4 1.0 2.7 0.6 06/13 0.4 1.7 1.0 0.5 
Metribuzin: 06/15 0.2 3.1 0.7 0.3 
05/03-06/08 nda nda nda - g06/17 0.2 0.5 0.5 0.4 
06/13 0.2 0.3 0.2 nda g06/22 0.2 0.3 0.2 0.3 
06/17 nda 0.2 0.3 nda 06/22 nda 0.4 0.2 0.2 
07/27-11/09 nda nda nda nda 06/29 0.2 nda nda nda 
CP=Chisel Plow; CT=Conventional-Till; RT=Ridge-Till; NT=No-Till 
g=grab sample immediately after rainfall; nda=below detection limit 
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Figure 2. N03-N concentrations in subsurface drainage water for 1987 as a function of 
tillage and N-fertilizer management practice. 
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Figure 3. N03-N concentrations in subsurface drainage water for 1990 as a function of 
tillage and N-fertilizer management practice. 
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